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Sumary

There were 19 configurations considered for this study. The
results are sumarized in Table 1.

Configuration 1 is the current status configuration. It come
sists of: 3 fuel cells, 2 spiking batteries, and staged

tankage. .
The other 18 configurations are in groups of 3. In each growp :
‘the configurations vary by varying the cambination of staged -

‘and unstaged tankage. The variation from group to group is . .
by a switch in number of fuel cells or batteries etc.

* The tramsition from 3 fuel cells and no backup battery to 2
fuel cells and a backup battery shows a marked improvement
in the crew safety reliabiiity. The main reason for this
transition is an edditional parallel path that the backup '
‘battery provides. In -addition a slight improvement in mission
success should also be found, because of the reliability ‘
improvement of a battery over a fuel cell. This can best be
seen by comparing the mission success reliability of 2 of 3
fuel cells with 2 of 3 (3=2 F.C.A. & 1 Batt.) in Teble 2.

There are 2 groups of configurations with 2 fuel cells and s’
backup battery. The first set (configuration 5=T) has fat
hydrogen tankage (2 tanks in the ascent stage). While the
second set (configuration 8-10) has lean hydrogen tankage

(1 tank in the ascent stage). While fat tankage adds re-
dundancy for crew safety and consequently improves the relie
abllity, for mission success it has the opposite effect. _
8ince either tank can fail and cause an abort of the missiom,
it will lower the mission success reliability.

- In making the transition to 1 fuel cell, crew safety can be
maintained by using 2 tackup batteries, however, since the
reliability of 1 fuel cell is so low, the mission nucceu
reliability is severely hampered.

In reviewing the mission success numbers, it eppears that an
upper limit exists for mission success. :

This is due to the fact that in all configurations for mission -
success the tankage is in series. To improve the reliability

for mission success requires improving the mission success
reliability for the tankage.

Mission success reliability for the tankage can be improved
with a change in the ground rules. IMO-540-134 states that,
"the fuel for the fuel cells...should provide the capability
to operate at minimm acceptable power levels during the
maximm orbital contingency time.

-----
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1.1

1.2

1.3

Summary (continued)

If the fuel cells operate at a level of degradation greater
than the design limits, the lunar stay time should be com~
mensurately reduced.” This ground rule has the effect of
placing the hydrogen fat tanks in series instead of in

- Failure Rates
' The fellure rates used for this study are summarized in

Teble 3.
Equivalent Operating Times

There are two basic approaches to use in adjusting Reliebile
ity to eonform to boost and non-boost emviromments. Either
an adjustment of the failure rate or an adjustment in the

operating time can be used. In compliance with IMO-550-=3T
an adjustment in the operating time is used here.

It is assumed throughout that a constant failure rate over

the entire mission time is to be considered. Consequently

for crew safety 4i.65 hours is the equivalent operating time
and 1t concerns only the ascent tanks, i.e. it is not necessary
for the descent tank to operate for crew safety. However,

for mission success, the descent tanks must operate as well
es the ascent tanks. '
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TABLE 2
Crew Safety|Mission Success Used in
Components Reliabilityl Reliability Configuration
Hp Fat Tankage '
Staged 9999925  |.98933303 L7
. Unstaged 9999979 |.99182828 1,2,3,5,6
|8 Lean Tankage
. Btaged. . . .9985972 - | .993838568 10,13,16
. | Unstagea. 9986749 ] .9962132 - 8,9,11,12,1h 15
. op Btages | 9997599 | 99212100 3,1,6.,1,9,10,22 |
| _Unstegea .9997988 | .9951109 1,2,5.8,11,1b |
' CA 1 bnit 979 979 11-16
~, 2 Parallel Units -999559 999559 5-10
‘13 ‘Parallel ‘Units .9999917 - 1-4
o jEmergency Battery -9963 +9963 5-16
. PSR 3 Fusl Cells - .9986960 1k
| fots (2reasiBatteny)] - 9986997 5,6,7
" | Paralle1 Foa & - .995860631T - 8,9,10
o jnnergem:y Battery
" P FCA & Emergency Battery - 9T53TTT 11,12,13
L FCA & 2 Emergency Battery| - -978986597 1k,15,16
B of b (37CA k1 Battery)| - .999985946T 17,18,29

CRVMMAN AIRCRAFY INGINEERING cosrorary

sros LED=550-12
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TABLE 3
Ttem Failx&z{:t)a Rate Source
Tank 2.0 x 10-6/nr 1
Tank Heater 3.0 " 2
Fill Valve. T.0 " 3
Cap 2.0 " 1 .
Vent Valve 7.0 " 3 ‘
ual Switch 0.5 " 6 5
Pressure Switch 84.0 " 5 ’
Pressure Transducer 300.0 " Vi :
Temperature Sensor 286.0 " b 7
Ruantity Sensor 300.0 " 7
lief Valve 95.0 " L
Kines & Fittings (1 Line o.54 » 1
& 2 Fittings) : ,,
at Exchanger 2.8 " 4 ;
kheck Valve 52.0 " 3 ‘ ~
b
Eut-()ff Valve (Solenoid) 8.0 " L i :
lsmt-orr Valve (Manual Override)| 1.0 " 7 !
Rutck Disconnect R= .9999 8 )
(Pyro)
’ 4
Sourceg: 1 Aerocjet General
2) Honeywell Ref: 31
3) Honeywell Ref: 52
4) Honeywell Ref: 63
5] Honeywell Ref: 64
6) Honeywell Ref: 120
T7) Estimated
.8) Conax Corporation No. 1830-1

T GRUMMAN aAIRCRANY ENGINELRING

R




mos 6

{ T -
|
i 2.1 Crew Safety
’ For crew safety the block diagrams are given on the next few
! pages (2.2). The values of the various blocks are listed
| in Table 2,

The reliebilities of the six tankage configurations (2.3)
follow the block diagrams. The tankage configuration studied
were: 1) unstaged Os, 2) staged Op, 3) unstaged Fat Hp,

L) staged Fat Hp, 5) unstaged Lean Hp, and 6) staged Lean Hp.
The various ground rules, necessary for these configurations,
are given with each configuration.

Pollowing the section on the tankage configurations, is the
) section on basic tank configurations (2.4), which are a
: ' part of the tankage configurations.

et

N ceroRT LED-SS
mﬂl ATt 22 November 1963
s ey QRUMMAN AISCRAIT ENGINEERING CORPORATIAM
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@*- 2.2 _Crew-Sarery  EPS. Conricuration Amarvs:s

, C'oﬂr/c. -4

' RS Ro X R/ ",

3

Paraur F, C

CONFIGNZ; Rz ,999 744 ¢
“ 3 R .999 749 §
“ 4. R= ,999 7534

CONFIG "5-/0.'

Bac
Bam,

g | A) = / -.E(’- R, PARALLEL f;,x /"0; X Rﬂz)obh'ﬂ,]

C_‘ggvna_' §: R= ,999997 4>
6. R* 69999750
7. R= ,99999260
8: R*.9999922 3
| - } 7. R*.999992¢
.’) - 10: R=* 999 9927

i - z et e —

| mroat LED=550~12
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CREV’ SArtTY E-P S Am\m | CONT,
' C ONFIG, || =I8 |
To—-®

BACK-UP
BATT

R= /‘C(I-R,,,_C}RQAR,,I)QBA”,]
CONFIG I R= .77991¢ 4

2. R ,2992916 ¢

/13, R* 499916 8

_ CONFIG 14 -/6 :

BaACK-IP
BAT

Béckn
BATT,

R 21 [(1- Ry Roa R) Qurr Gorr ]

CONFIG 14 ~

=.,79%999 ¢
15 : R = ,999999 6
16 : R = ,999999 7

. strott  LED-550e12
' PATt 22 November 1963
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2.3.1.1

2.3 0102

20301-3

. 2.3.1.0

‘ L. e (?:- .

Fat Tank Unstaged Hp Crew Safety Reliability

A reliability box diegram for Figure 2 can not be made without
taking some liberties. However, by tracing through the success

paths a lover bound on the relisbility may be obtained (see
IER-550-3) .

First we must consider the most prevalent modes of fallure.
Failure in the tankage, heat exchanges lines and fittings
and relief valves will cause leaks to the outside. Failures
in the check valves will not check the flow of fluid in one
direction. Failure in the normally open shut-off valve
(part #9) will be improper closing or sealing.

There are two major success paths: 1) that of tank #1, and
2) that of tank #5. The path of tank #1 will have part 20
for its lines and fittings factor and the path of tank #5
will have part 21 for its lines and fittings factor.

Minimal Success Paths

1, 2, 4, 9, 20

1,2, 4, 6, 8, 20

1, 2, 4, 5, 1, 8, 20, 21
3, h, 5, T, 8, 21

5, 7, 8 9, 24

Minimal Cuts

(1~3-9) (1-5) (1-7) (1-8) (1-21) (2-3-9) (2-5) (2-7) (2-8)

(2-21) (4=5) (4=T7) (4-8) (4-9) (L-21) (9-5-6) (9-6-T) (9-6-21)

(9-8) (20-5) (20-7) (20-8) (20-9) (20-21)

R= 1= (QQ0Q + 4 + @ + 485 + Q) + RQYQ + Qg +

| QR + Qg + Ry + Qs + R + Q Qg + QQy*

QA * %Rl + Uy * YRy *+ Yl + ol *
Qody + gy * Yoy * o)

Where: 1) Q =Lt & t= 4L .65 Hours

2) Loy = Ly, = (0.54 x 10-6) x (5 parts) x (1.5) =
L.05 x 10=6

W R = .9999979

Nt

aromr  LED-550-12
pant 22 November 1963 .
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to a box diagram.

i

} | : 2.3.2  Fat Tank Staged Bp Crev Sefety Reliability
|

i

An approximation will be used here to obtain the reliability
‘of Figure 1. Baslically the staged system can be simplified
It consists of the unstaged system in

) geries with 2 check valves and in series with a double quick

i disconnect pyro device.

o scen-
necr

@

[ Chechh
! Valvt
, @
r My

UnNST,
IE @ Check
i r.Vqva
|

R = .9999925

O/'scond
neéctT

@

Where Q =(]f,n) x (t) & t

B (- ) (1- 9Q)

= L44.65 Hours

- £ FN 28 B
‘MM P e

aeroRT LED-550-12

_ PAT 22 November 1963
0% GUUMMAN AIRCRAPT ENGINEEIRING CORPORAYION




U SRR
s

\,

PAGH 13

ENa-204

‘Leav  STacED H, ConrFiguaaTion

To FCA

- @ LIVES E FITTINGS [1?23 1

Basic /
Tanun.
# 1
$i6ure 3 A
Leaw UNSTAGED Hz Cofvmsuﬁo,'rlo,v

Q) LivEs £ FIITIvGS

Basic
Te M
Fca @ lﬂl TAnvK
“/ /
Fiovae 4 A

Crew-Samsry Reciaziiity Diasmanms

3 5
| 4 ¢

f?zﬁ'Rt(l‘Q, Q&Xr a&' 06 )R7

J‘zco&s, S B8

T

/ 2 3

R= R AR, R,

g A NSNS 0 p

IED-550-12
°am 22 November 1663
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1 @ - 2.3.3

Lean Tank Unstaged H2 Crew Safety Reliability

This configuration is shown in Figure LA. The reliability
box diagrem is shown in Figure LB. The reliability is simply:

R = RjR;R, = 9986749

2.3.4 Lean Tank Staged H, Crew Safety Reliability

This configuration is shown in Figure 3A. The reliability
box diagram is shown in Figure 3B. The reliability 1is simply:

R = 3132(1-Q3Qh) (1—Q5Q6) R, = .9985972

%,

awrorr LED-550-12
e

pat 22 November 1963
RINOG CORPORATION . :
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—@.
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9 FIGURE 5
UnsTacep O, CoNFIGURATION
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Tavn | |
w2
: 2
7 | > 4
: 8
ecs o B 0 | 2l > FCA
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2:3.5

2.3.5.1

2.3.5.2

2.3.5.3

Unstaged Op Crew Safety Reliability

Here again, as in the hydrogen system, we can not obtain

a simple box diagrmm for Figure 6. But, by tracing through
the minimal success paths a good lower board on the reli-
ability can Te ottainei (see LER-550-3).

The most prevalent modes of failure for all the parts must
first be considered. Failures in tankage, heat-exchangers,
relie® valves, and lines and fititings will cause a leak

o the oubside. Failures in the check valves will not
check the flow ¢ {luid 1n one direction. Failure in shut-
off valve (part 8) will be improper opening or closing.

There are “wo major success pabths: 1) that of the super-

eritical %azks (pars 1), and 2) that of the paseous tank

(pars 5). The pash of the part #1 tank will have part 20
ineluded for its lines and fittings factor. The path of

the part #5 Sarkx will have pars 21 included for its lines
and fittings faztor.

Minimal Swu2cess Pathe

1, 2, & 8, 20

1, 2, &, 6, 7, 20, 22
1,2, 4 5, 7,20, 21
3, 4, 5, 7, 8, 20, 21

Minimsl Cuts

(1) (20) (1-3) (1-5) (1-7) (1-8) (1-21) (2-3) (2-5) (2-T)
(2-8) (e-21) (8-7) (8-6-5) (8-21)

R = RByy [(1-999;) (1-09) (1-99;) (1-0,9g) (1-0,%)
(1-59;) (1-2,0) (1-2,9;) (1-Q8g) (1-Q,2,4)
(1-0g0,) (1-0585%5) (1-8g%;) ]

Where: 1) R =1 -Q
2) Qn =L, X t s t = Lh.65 Hours
3) Lyg = Ipp = (0.54 x 156/hr) x (5 parts) x

(1.5 lines & fittings/part) = 4.05 x 106

1) Qg = Lg X (15 cycles) = .0000001

e R = .9997988

ORUMMAN AIRCRAPY INGINEERING CORPORATION

aeroat LED-550-12
0ATE 22 November 1963
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2.3.6 Staged Op Crew Safety Rellability

be improper opening or closing.

part #22 for its lines and tittings factor.

2.3.6.1 Minimal Success Paths

1, 2, 4, 8, 10, 1k, 20

3, s, 7, 8, 10, 13, 1k, 20, 21
3, 4, 5, 7, 8, 10, 12, 20, 21, 22
, 6, 7, 10, 13, 1k, 20, 21
7, 10, 12, 20, 21, 22
7, 10, 13, 14, 20, 21
, 5, T, 10, 12, 20, 21, 22

£
- .

-
N
~

-

o

e
l\)Vf\)‘l\)ﬂ)-F"
= & & F

-

(oY

-

2

2.3.6.2 Minimal Cuts

(8-13-22) (8-21)

For crew safety we need not consider the descent tank in
Figure 5. Here again, as in the unstaged configuration,
we must resort to a minimal success paths technique to

obtain a lower bound in the relisbility (see LER-550-3).

It is necessary %o note the most prevalent modes of failure.
Failures in the tankage, heat exchangers, lines and fittings
and relief valves will cause leaks to the outside.
in the check valves will not check the flow of fluid in

one direction. Failure in the shut-off valve (part 8) will

There are three major %Yank paths. Tank part #1 has part #20
for its line and fittings factor. Tank part #5 has part #21
for its lines and Tittings factor. And Tank part #9 has

. (4) (10) (20) (1-3) (1-5) (1-7) (1-8) (1-12-13) (1-13-22)
(12-1L) (1b~22) (1-21) (2-3) (2-5) (2-7) (2-8) (2-12-13)
(2-13-22) (7-14) (14-21) (2-21) (5-6-8) (7-8) (8-12-13)

23.63 R=RR R, L1000 + 4% + 4% + 4+ Gy *
US3%0 * Yoy Y Gy R
Qs + A + QR + QAR5 + Q5813%, *
Uy, + 9l Ll t Rl Gl *
Qg3 * Y3t * Q%))

DATE

Failures

u LED-O-

22 November 1963



PACE 18

|
' 2.3.6.3 continued)
N ‘
. Where: l)Rn=l-Q,n=l-(Lnxt)& t = L4.65 Hours
2) Loo = Ly = (0.54 x 10'6) x (6 parts) x (1.5) =
; 4.86 x 10'6
3) L21 = (0.54 x 10'6) x (5 parts) x (1.5) =
.05 x 10-6
4) Qg = I3 x (15 cycles) = 1.0 x 10~8
2.3.6.4 ., R = .9952414
&)
'@
wwont  LED-

e ' DATE 22 November 1963
tne s GRUMMAN AIRCRAY" ENGINEERING CoORPORATION
[ 7]
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Basic TanK Desien
No. 1

ReLiaBiLiTY DiacRAM

Fi)) Yent
Valve i Valve
Tan K
- Tank Haeqf'e B
Y
- Cap M Y Cap —
& ,32
Manuq| Fress Fress -T;'\P
| Ove;«:ée Trans. ~ Trans. Seusor []
SW\
\\@ @ : F?clue;' Shot-
. B Valve O ¢ Valve
R'e.‘.s Quam‘"y
Sw&d\ gensor
®
=iNES
e e—
FITive s
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t. This tank, Figure 7 is used in the ascent stage for all four

bal]
~ACHHBEMA -

‘) c2.4.1 Basic Tank Design # 1 Part Unreliabilities for Crew Safety

i hydrogen configurations and in the ascent stage for the staged
oxygen. All failure rates are per million.hours or per million
cycles of operation. An approximation used is:

Q, = (Ln) x (&). where t= 4l4.65 Hours
o = 89.3x 10~ Qg = 13395.0 x 10~6
Q, = 133.95 x 10-6 HRRQy = 0.0 x 10~6
Q = 31255 x 106 %xq = 0.01925 x 1076
| Q = 312.55 x 10-6 Q= 12769.9 x 10~6
Qs . 7.5 x 10-6 Q= 89.3 x 10-6
Q = 3750.6 x 10-6 Q= 893 x 10-6

13395.0 x 10-6 worq )= 397.83 x 106

P

»

* equivalent operating time t = 15 cycles. }

the reliability of a solencid valve in parallel with a

%0 (S.0. Valve with a manual override) is found by teking .
P manusl override (operating time t = 15 cycles)

- -6
%0 = Yon * %08 (Sol. ) Q’l‘{A 12730 %1077,
‘s D | Q = 0.01925 x 1076 (Man HQyop = 150 x 10-6

*x Ly = (0.54/hours) x (1.5 lines and fittings/part)
(11 parts) Ly, = 8.91 x 10-6

*#¥¥%¥The relief valve would leak into the line causing an
gbort and would have no effect on crew safety.

2.4,1.1 Baslc Tank Design #1 Reliability for Crew Safety

The ascent tank reliability is based on the block diagram
of Figure 8.

o g et ay o - [ RO e
| S o)) o) r G ety

= 0. 00i016927

O
v

R = 1-Q
‘ 9 R = .9989831

epoqy  LED-550-12

i ; pant 22 November 1963
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2.h.2

2.4.2.1

Basic Tark Design #2 Pari Unreliabilities for Crew Safety

This bank, Figure 9, is used in : 1) the descent hydrogen
and oxygen sbaged configurations , and 2) the unstaged oxygen
configuraticn. Tor crew safety we are not considered with
uhe descens banrags. Consequently its operating time is
=0, resuliing in an R = 1. However, for the ascent tankage
we have ar cperating time + = 44.65 hours for crew safety.

Failvre rases (.L:) ars givaen per million hours or per million

cyclss of cperasic Q = (uﬁ) x (%)
q = 8.3 x 10-5 G = 13395.0 «x 10-6
Q, = 133.95 x 1070 Q = 13395.0 x 1076
% = 31250 x 1572 Q, = 12769.9 x>10'6
Q, = 312.55 x 207" .= 8.3 x106
Q= TS x 106 &, = 89.3 x1076
Q = 3755.5 x 107 #Q, = 325.498 x 10-6
* equivalernt cperating time t = 15 ecycles.
¥ Ly, = (0.7%/nours) x (1.5 lines and fittings/part) 3
(3 parss)= 7.29 x 10~6
Basic Tark Design #2 Reliavility for Crew Safety |
The TaiX Reliability is hased on the block diagram of o
Figure 10.
U=+ G G+ + R [R (1-%%> * 58 (1-4%)]
+ QRgRaf + 05
Q= 946.6338 x 1076
R=1-Q=.5990534 E

vare 22 November 1963
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Mission Succass

To evaluate mission saccess a consistant set of ground rules
are rnecessary to determine what constitutes abort. The first
criterion that we nconsider 1s: abort afver the failure, for
wnich the iest Zallire will 12131 the crew. However, this
may o5 elvars e valid. 1F the crew safety reliability of
the remaiiirg system is 5811 very high, we may still not
abort, even 1 She next fTailure may kill the crew. The

e. abord xay e necessary if the remaining crew

3 ;ven Shough the next failure may not kill
Srie.  Because of the limited scope of

one Tirst criterion was applied for mission

In a Ving Shis first eriterion, it is important to note
PP g >

that orbhital ‘;’Lit_‘:iixgt::u,y “as considered as a fallure.
Thig in with IMC-540-13L4 which originated
from Jrablon group.

worzstatenent, the GOX tank must

ot

On % < g here are block representations of
cach configszusion The ~harts below each configurstion
answar the gue:stlon: 1s an abort necessary? The question
1s askel of :a~h component, and combinations of components

1

lV] VaT‘T nas I:[" =

i

[ 59 N
1y
ul

The phas=s considersd were: 1) earthelaunch to separation;
2) separabtion 52 Lunar toash-down 3) lunar touch-down to
L howr lumar s%ay. To cbiain a misslon success, a L hour
lunar star iz all that is recessary to consider. The
rellebility for return to the CSM is merely crew safety
reliarili Ly .

The formrlas Dor mission success in each configuration can
be broxen wp 1150 3 separate series boxes (see 3.2): 1) O
system, 2) E, nysten, and 3) fuel cells and battery com-
bination.

As an example cf how the Os system was nandled consider con-
fTigaration 1 where Ro2 = R )5) R(63) R(92). It is obvious
that the ascent 50X tan¥, through 3 phases, is in series

with the GXX tank, t“voug" 3 prnases, which 1s ir turn in

series with the descent tank through 2 phases. The same
type reasoning car

ha app*leu ©o hydrogen system and also
o the Fuel Cell & Battery combination.

I

.S (D‘
5

rx

Table 2 sumarizes the reliability of each of these building
blocks. The calculations of these building blocks can be
found in the rear of this section (3.3)

LED-550~12

CRUMMAN AIRCRAIT ENGINEERING CORPORATION
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B r{Rfi-anecys et e j} RISIR(GIAL) RL%,)

WHERE . RIS R(L) = R o o, srs,
R(2)R(%) R or 4 svys.

{'}" R oF 203 gusc CELes

= .9%5692/

5) R = [ R(w)) a2) g5 ¢ @l )irezy A( 3,37} R)RG) R (¢,)
| R(7,) R(%) R(3,)
WHERE - /\»(41)/?(5;)«(7,): R o O, srs
R(6,)R(2,) R(9,)= nt o Hr 5 TS,
{}:/? aF Faf; CELL Y NBAmeRYy
Connin a4/ onz,

R= .92502c49

¢) R = LRG0 )Us) » o) Saea R ( 8 ~tn) ks, 7ty R(3) R(,)

Waenre ; R(,) R(s;) ./e(vg =R oF g svVys.
/3(;;,)4(’7,): 7 om M s ¥S.

13

(1= R or FUSL CELL YBAL  Copi Branrin,]

Rz 982737y

NG -384

% .

2 o tar—y:

bATt 22 November 1963
Code 23512 GRUMMAN AIRCRAFT ENGINEERING Chmsmas o, ~..




PAGE 31

@&

7) A= LR 204) 600 QUIERCIR(Y[R4)R(S) R(6) ()

where . R{4)R(5) = RoF o0, SYS
R{&) R(R) 2 R oF H, sv¥s.
(1 R or FCA YT BAT. COMBINATION.”

Rx 95569538

g) R=L1-Q)Q()] R(3,) #4,)RI5) (&) R(7)R(7,)
Vﬂtaa; /?/4,)/?(53)/?(71) =R or o0, S7TS.
R(6;) (%)= R or H, SvVs.

C-Q8ALR6)IR 0r  £cA. ¢ BAT,

i
H

R= 98/929¢

7)) Rel-als) @) R(3) 1 (%) R(5) R, ”(7,)

Vasne!  R(4,)R(S)R(%) = R oF o, S¥S..

/?(G,) = R oF Hg S/S.

[,-4(/,)0(1‘)]/?(1‘) = R oF pmcA ¢~ﬂll7T.

= 99219 ¢

v -
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/0) ﬂ‘["Q(t,)&(z,l]/t(},) R(4) Rs) R(E,)
W/;wu»; R(Y,) r(s,) = R oF o s rs,
R(6,)* R on o s ys,
Lr-@n)@Q)]r(s) « r o FCA & RATT
R= 5970 39,
/7) R= /e(/,)/?(z,)/e(z,) U9) ~(s,) n(é,) R(7,)
Wuerz RN 2 R o par o Fca
R(3) REY) RCG) = g oe o SIS,
() R(%) = & on NEE ¥
ﬂ=.36/7332
’?) ps R RE)R (%) Rly,) (5) R(é,)
Vﬂm&: /?(/,) R(G) = & OFL nmz q-'.FC /a‘
IR(3) Ry )z n o . svrs
R(<t) = R om Ay ses,
>, 9 Y03,2
/3) (= /?(/,) R(y)r(G) R{Y) R(sy)
bobene; R(1)7(2,) = 4 OF Fh v sy
‘ R(y) /?(‘/,)=/? ¢rf A 5ys
COARCS) = R oomr “ Srs

R=.%9¢5933+5
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14) n = /a(/,)[/-a(wa(x,g] Rls)R(5;) R(6) R(3,) R(<,)
Wheag : /{(/,}[/—a(z,‘)q(,,)J s R er FCh % RATS,

A(MIR(s) R(R)* R or 0, s7s.
R(E) »(%,)e R Le b, 5 Y5,

R 96529,

/5) R = R0 L-a(2)a0,)] A%R(5) =(4) A7)
WnsRe l?(/,){/-ﬂ(z,,&/‘,)]‘ R oF Feh v AT,
REN)RES) R(R) < 2 or o svrs,

(€)= R or H, sYs.

R=,%67 9%/

/6) Rz R(/,)[/-a(z,) Q)] revy) () R(6,)
Where! R(A)S,-q (,)A0] = 2 o BT % Feu

RN R(S) =R o~ g, 575

R(:,) = R oF M srs,

R= 970 511/
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7). (RO %)Q(3,) Q(4)] # Q(/s)[’?(‘s)("m”)‘?("’))’

*Q(2)R(3,) /?(9,)]} R(%) R(63)

R(2,)R(%) R(,) Alio, )

WHERE | §3= R or 3FCA * BAm ConginNATION.
RIRG)R(%) = R or o0, srs.
RIZIRGIR(IR) = R ok K, rs.

A= 9%, 527 3

17 R={ . 17} R(s,) R(4,) A3)R(%,) A (a,)
WHERS ! {f T R oF Fca. v RAT, Comnmnren.
R(R(E)R(F) = A oF O 575,

() R(M) = R o5 "L SYS.

R ,9%v002 ¢

/‘7) A {w /7}4(9}#:'(6;)/?(7,) rR(%;3)
W/jﬁ"/{f—,‘j [}" A orF IFCA Y BAT  CorininnaTign.
' R(s)R() = » o o, S rS

R(H)R(#H) = R o # $ s,

<.

"= .,9%6%65 3
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TABLE 4

Part Unreliebilities for Mission Success (x 10~6)

Par Phas= 1 Phase 1 & 2 Prase 1&2&3
ars 5=50.45/hr.) | (£=9h.617/nr.) | (£=135.3/nr.)

Basic Tark #1 2060.05 2154.95 3081.53
Basic Tark #2 1537.65 2005.99 2868.52
Heat Exchar 252.26 264,93 378.84
Check Valve 4703 7035.60
Relief Valve (iole) 73.84 88.91
Lines & Pitdings

4 Parss 293408 306.56 438.37

5 Parts 365,32 383.20 5%7.97

6 Part 439.54 657.56
Sol. 8.0. & Manual 0.655 0.141

Override
0 ¢ 180.9 81.37
Discornniect 0.01 0.01

sEroRY L‘EID- 550-12
DATE 22
GRUMMAN AHCIA!Y!NOIN!ENNO CORPORATION

November 1963




3.3.1

3.3.2

3.3.3

taged Oo - Mission Success

All success paths and cuts are based upon Figure 5. The
part unreliabilities are given in Table k.

Suecess Paths

(13 23 h3 53 73 83 103 133 1h3 203 213 9, 11, 222)

(13 2, h3 55 T 83 10, 125 205 21, 225 9, 11,)

Cuts

(1) (25) (3) (55) (75) (85) (105) (205) (213) (9;) (11)

(222) (133-123) (133-223) (1h3-123) (1h3-223)

R = R(L) R(2,) R(:;) R(5;) R(7,) R(8;) R(10,) R(20;) R(21,)
R(9,) R(11,) Rr(22,) ['1—Q(133) Q(123)] [ 1rQ(133)k
a(2,) ] [ 1-a(1s) Q(123)] [ 2-a(1s,) q(223)]

R = .99212L02

Unstaged Op - Mission Success

For mission success all parts are in series. The reliability

is based upon Figure 6. The part unreliasbilitles are given
in Table L.

R

1l

R(:L3) R(23) R(h3) R(83) R(203) R(ss) R(73) R(213)

R

-9951109

Fat Tanks Staged Hydrogen -~ Mission Success

A1l success paths and cuts are based upon Figure 1. The part
unreliabilities are given in Table L.

Success Paths:
(13 23 h3 53 73 83 93 113 133 203 213 10, 22, )
(13 23 u3 53 73 83 53 113 123 203 213 10, 22, )

Cuts

(1)) (25) () (55) (75) (85) (9,) (1) (20,) (21,) (20,)
(22,) (12,-13,)

- erort LED-550-12
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3.3.3

3.3.L4

3.3.5

3.3.6

(continued)

R

R(1,) R(2;) R(k;) R(5;) R(T3) R(B3) R(95) R(115)
R(203) R(213) R(102) R(222) [: l-Q(123) Q(l33?:]
98933303

R

Fat Tanks Unstaged Hydrogen - Mission Success

For missior success ali parts are in series. The relisbility
is Tased upcn Figure 2. The part unreliabilities are given
in Tabls 4.

R

R(:3) R(23) R(h3) R(53) 3(73) R(83) R(93) R(203)
R(21.)

Iean Taris Shazel Hvdrcgen - Mission Success

Ter ris-ior suzcess all parts are in series. The reliability
=4 pon Pigure 3A. The part unreliabilities are given
Die 4.

J
l

R(1;) R(23) R(55) R(6,) R(75)
.993838568

j=o}
it

Iean Tanks Unstaged Hydrogen - Mission Success

For mission success all parts are in series. The reliability
is vased upon Figure 4A. The part unreliabilities are given
in Table L.

R

fl

R(1,) R(2;) R(3;)

R .9962132
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